Due to intense fuel dependency on energy production in the world, cost of energy is now heavily depends on the prices of fossil fuels. Most of the countries in the world are suffering due to this and Sri Lanka is no exception. It is in this context promotion of biomass, as a renewable source, is so vital to the country. Rice being the staple food of the country as well as the crop with highest land area under cultivation, rice husk (RH) generated in paddy processing was found to have a significant potential in power generation. This paper investigates the possibility of using rice husk as a viable source of power generation in Sri Lanka. It is clearly seen that there is a significant potential in the districts of Ampara, Polonnaruwa, Anuradhapura and Kurunegala for power generation using rice husk. It was found that 30% of excess RH can be exploited for power generation with an annual energy potential of 180 GWh. This potential can be exploited by (1) Commercial scale RH power plants, (2) Small scale power plants under net metering scheme and (3) Off grid RH power plants.
Introduction
Sri Lanka's energy sector has been ailing for the last two decades due to its excessive dependency on petroleum and lack of diversity in energy sources in the energy supply mix. In year 2011, the primary energy share in Sri Lanka was 46% from biomass, 42% from petroleum, 12% from Hydro and rest from the non-conventional renewables [1, 2] . Initially, almost entire electricity requirement of the country was met by hydropower whilst gradual increase in demand for electricity during the last decade of the 20 th century shifting electricity generation more towards thermal power.
There are no proven fossil fuel resources in Sri Lanka. Therefore, there is a high emphasis on introducing non-conventional renewable sources to the electricity sector. Having realized this fact, the government of Sri Lanka set a target of achieving 10% of electricity demand from non-conventional renewable energy sources by 2015 as set out in the national energy policy of Sri Lanka [3] . It is expected to connect feasible renewables to national grid as distributed generators, which can also be used to optimize the network use [4] . Biomass has been identified as one of the most potential sources of renewable energy for power generation in Sri Lanka [3] . At present, biomass is confined to domestic cooking and to some industrial thermal applications.
In Sri Lanka, rice being the staple food of the country as well as the crop with highest land area under cultivation, produces substantial quantity of rice husk (RH) as a waste product in paddy processing. Part of RH produced is used as a source of thermal energy in a few applications while the balance is burnt or dumped in the open air, causing a lot of environmental hazards. If this excess RH can be exploited for power generation that can be used to displace part of oil used in power generation and can add more security to energy supply.
RH is converted to energy using different technologies such as direct combustion, cofiring, gasification, pyrolysis, and anaerobic digestion [5] . However, the two most proven and common technologies are the direct combustion and the gasification [5, 6, 7] . Most of today's biomass power plants are direct-fired systems where the biomass fuel is burnt in a boiler to produce high-pressure steam, which is used to power a steam turbine driven power generator.
Gasification is another commonly used option that can be used to generate electricity using RH. This technology is now widely being used in rice growing countries for driving small scale power plants of the order of 10 kW-100 kW, though the technology can be used for higher capacities of several Mega Watts [9, 10] . Therefore, RH is considered as one of the potential sources of power generation in Sri Lanka as it is renewable, sustainable and indigenous, as the rice is the staple food of the country as well as the crop with highest land area under cultivation. Furthermore, RH is considered as a waste material with negligible commercial value at the moment. Since it being a local fuel, it will provide financial benefits to the local community as well. Therefore, the main objectives of this study were to assess the potential of rice husk based power generation in Sri Lanka and to analyze the economics of harnessing this resource.
Methodology
First, the paddy production data of the country over last twenty years were collected and analyzed to determine the potential of rice husk production at national level. From the initial investigations, highest RH generation districts were identified by analyzing paddy production capacity and milling capacity. As a case study, one of the highest potential districts was considered for detailed study. In order to collect data pertaining to availability and distribution of rice mills, their capacities and average rice production, type of rice being processed, a survey was conducted among the rice mills in the selected district. During this survey, data from 650 rice mills were collected and 338 mills were identified as the mills that have significant milling capacity. Using the data, the maximum size of the RH based power plant and the conversion technology to be used are identified. Finally, a financial analysis for the plant was performed to ensure the viability of the power generation using RH. Even though the case study was confined to a limited area of the country, the results obtained were used to assess the potential at the national level.
Paddy Cultivation in Sri Lanka
The total land area under paddy cultivation in Sri Lanka is estimated to be about 870,000 hectares [8] at present and this is the highest land area occupied by any single crop accounting for almost 34% of total agricultural lands in the country [10] . As paddy is a wetland crop that needs a lot of water for its growth, it is cultivated seasonally in Sri Lanka so that it gets enough water from rainy seasons. The two seasons in the year that the paddy is cultivated are known as "Maha" and "Yala" which falls during North-East monsoon (November to February) and South-West monsoon (May to September) respectively. Figure 1 shows the seasonal variation of the paddy production in Sri Lanka. Accordingly, it can be seen that production of Maha season is almost double that of Yala season. Since rice is the staple food of the country, demand for rice remains almost constant throughout the year. Therefore, paddy is stored and released to the market as rice at a constant rate. Rice production of the country has increased from about 2.2 million tons to about 4.5 million tons over a period of 20 years. This clearly shows that there is a continuous growth of paddy production in the country. In order to find the paddy production trend in Sri Lanka, paddy production data was fitted into a trend line as shown in Figure 2 . 
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It is clear that there is an increasing trend in paddy production. After liberating the country from 30 year long civil war, most of the paddy lands which had been abandoned in the Northern and the Eastern provinces are now being added to paddy farming and this too will have a considerable impact on the paddy production in the future.
Availability of Rice Husk
The outer cover of paddy grain is called as the RH which accounts for about 14%-27% of its weight [11] . The gross energy content of the RH can be determined using Husk to Paddy Ratio (HPR) and calorific value (CV) of RH. CV of RH has been reported by various research works to be in the range of 12.1-15.2 MJ/kg [7, 12] Even though paddy is cultivated all over the country, paddy is not grown at same scale everywhere. It was found that Ampara, Polonnaruwa, Anuradhapura and Kurunegala districts show a greater potential due to their higher production compared to the rest of the areas in the country (see Figure 3 ). However, paddy production is not the only indicator that shows the real RH availability; instead the paddy processing/milling capacity of each district will be a better criterion. Table 2 shows the milling capacity of highest paddy production districts. By considering both production and milling data, it was found that Ampara, Polonnaruwa, Anuradhpura and Hambantota were identified as the districts with highest potential. Even though the paddy production is higher in Kurunegala district, milling capacity appears to be comparatively low where the harvest is taken away to another part of the country for milling.
As there were practical limitations in collecting required data island wide, Polonnaruwa was selected for detailed case study, since it is the second highest districts in paddy production as well as a leading area of paddy milling. Ampara, the highest paddy production district, was not selected for the case study due to the lack of data collectors available in the district. During the survey, data from 650 rice mills were collected. Out of these mills, data from 338 mills which are considered as mills with significant milling capacity (higher than 2 tons/month) were analysed. Table 3 shows the details of selected mills. Even though, paddy mills are scattered all over the district, it was found that most of the large mills are around Kaduruwela and Minneriya whilst very small portion of mills lying in and around Medirigirya area. RH production in year 2010 was found as shown in Figure 4 . RH in the district was found to be used in different applications. Among those applications, (a) paddy boiling and drying (55%), (b) brick kilns (16%), (c) poultry farms (5%) and (d) sales for other applications like tobacco curing, bakeries and as a fertilizer in agriculture (2%) are identified as the key applications and 22% of excess RH is left in the district after using RH for different other applications.
Power Generation Potential in Polonnarauwa District
RH is used for most of the activities without any financial transaction. If about 60% of this potential can be tapped, the minimum capacity of the power plant that can convert this potential into electricity is about 1 MW at 90% plant factor.
Possible Conversion Technology.
Even though there are several technologies available for biomass conversion, direct combustion and gasification are the two widely used technologies for RH conversion. Gasification is widely used for small-scale power plants because of its higher efficiency low cost and simple operation. But this technology is not hassle free due to producer gas produced in gasification contains lots of impurities like tar, ash particles and dust. Gas cleaning is therefore an essential requirement, when using gasification technology for power generation. Therefore, power plants driven by gasification technology require more maintenance.
Compared to gasification, direct combustion is more efficient and easy to apply for cogeneration also. However, this method requires higher investments. Considering difficulties in maintenance and gas cleaning in gasification, direct combustion with steam cycle is selected as the preferred and used for financial analysis of this study.
Financial Analysis.
Even though there is enough fuel in Polonaruwa to run a power plant of 1 MWe, this resource can only be tapped, provided such power plants are commercially viable.
Capital cost of the project
Capital investment of this project includes costs associated with all the plant and equipment, lands, buildings, utility services, project management, design and consultancy, construction and installation works and approvals etc,. Project cost of number of biomass power plants (recently constructed) of the capacity ranging from 1 MW to 10 MW were collected and their capital investment were analyzed. This analysis revealed that capital cost per kW of most of these power plant falls within the range of 1000 US$ -1500
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US$ [6] . Further, it was found that per kW capital cost of most of the power plants constructed in this region (in Asia using Asian equipment ) were closer to 1000 US$ while the same for other power plants in Europe and America remained closer to 1500 US$ margin or above. Therefore the capital cost of this plant was assessed on the basis of 1250 US$/kW which is the middle value of the above range. Accordingly, capital cost of this power plant was estimated to be LKR 143.75 million (Exchange rate was taken as 1 US$ = 115 LKR).
Fuel cost of the power plant
In Polonnaruwa district, more than 70% of the RH produced was found to be used for different applications. From the balance, very small fraction is sold and the remainder is excess. Due to prevailing low demand, this excess RH has no commercial value and even taking away of this excess RH free of charge from mills is most welcome by millers as disposal is a problem to them. However, if a real demand arises, this situation can change and easily a firm price can be set for RH. Moreover, if RH is transported there will be an additional cost on top of RH price. As per the information received from the survey, it was found that cost of RH per kg at a site ranges from LKR 1.70 to LKR 3.00 depending on the distance of transportation. Considering RH price plus handling and transportation charges, per kg cost of RH was assumed to be LKR 3.00 with yearly escalation of 3% for this analysis.
Operation and maintenance (O&M) cost
Different literature gives varying values for O&M cost of biomass power plants. From the records of power plants which are in operation, annual O&M cost found to be within the range of 3% to 7% of capital investment with 5 % yearly escalation [14] . Therefore annual O&M cost was taken as 5 % of capital cost with 5% escalation.
Debt /equity ratio of the capital investment
Since Sri Lanka is new to biomass power generation field and success of this kind of projects is not yet proven, 70/30 typical debt equity ratio may not be achieved. Therefore, it was assumed that 60/40 debt-equity ratio is achievable for this kind of power plant.
Finance cost and loan repayment period
It was found that the typical interest rate of project financing schemes of the local banking sector is around 12% per annum for a period of six years.
Tax and incentives
Income tax of 28% is levied by the Inland Revenue for local investments and as per the new tax regime of 2012 certain tax concessions are offered to local investors in order to promote private investments within the country [15] . Under this, a period of tax holiday is granted depending on the type and the scale of the investment. The projects with investment between LKR 100-200 million fall into medium scale category where this quantum of investment is eligible for five-year tax holiday. However, renewable power projects are not listed under this category in Sri Lanka. Even though it is not clear, whether the renewable energy investments qualify for a tax holiday, depending on the quantum of investment it was assumed that five-year full tax holiday will be granted for this type of projects, because the country's energy policy is to promote renewable power generations.
Returns of the project
The direct return of this power plant will be the revenue generated from the electricity sale. The expected revenue from the power plant can be estimated using prevailing tariff published by the Public Utility Commission of Sri Lanka (PUCSL) under Standardized Power Purchase Agreements (SPPA) [16] . Under this scheme, a developer can choose one from the two tariff options available. Under option I, three tier tariff is declared while two component out of three in this tariff subject to yearly escalation. Option 2 is a flat tariff with no escalation at all allowable during the first 20 years. For the baseline case analysis, option 2 of the tariff, that is 17.71 LKR/kWh, was considered. Other than that, there can be indirect returns through clean development mechanism (CDM) benefits and ash sale. However, for this analysis these indirect returns have not been considered.
Financial analysis for this conceptual power plant was performed considering different cash flows for a period of 20 years. Table 4 shows the summary of the analysis.
Based on above analysis project IRR and equity IRR was found as 34.2% and 56.2% respectively for the baseline case while simple payback period comes to 2 years 8 months. Higher IRR values plus short payback period indicate that implementation of a 1 MW RH based power plant is financially viable in Polonnaruwa district. Table 5 . Results of the sensitivity analysis further shows that even under adverse conditions, the project is financially robust.
Surplus RH availability at country level
It was recorded that 50% of the paddy has been found to be milled in commercial scale in bigger mills while the balance is milled by the farmers for themselves in small mills [11] . When these facts are summed up with the annual paddy production, surplus RH availability of the country was found as 30% of total RH production. This is the excess without any use which can be used to generate electricity with an annual energy potential of 180 GWh.
Harnessing RH Power Generation Potential in the Country
Even though it was estimated that there is a potential of 180 GWh for power generation using RH, harnessing entire above potential may not be viable as a part of this RH comes from lesser known districts of paddy production in the country. Therefore, setting up of RH power plants in these districts has to be
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ruled out due to shortage of fuel as well as collection difficulties. Hence, three different models in setting up of RH power plant were identified that can ensure maximum usage of RH for power generation. They are (1) Commercial scale RH power plants, (2) small scale power plants under Net Metering Scheme and (3) Off grid RH power plants.
Commercial scale RH power plants:
Commercial scale grid connected RH power plants are the most welcome option when considering the current power situation in the country. In order to promote this kind of renewable energy power plants, the PUCSL has formulated an attractive tariff system with LKR 14.53 per kWh for biomass based power plants [16] . If RH power plants of this scale (order of several MW) are to be set up in the country, it is required to ensure that there are sufficient stocks of RH to drive such power plants throughout the year. To be more precise, there has to be considerable number of commercial scale paddy mills in the vicinity of a RH power plant of this scale to keep it running throughout the year. It was found that the Polonnaruwa district shows a potential of 1 MW power plant at viable scale. When looking at the paddy production in the country at district level and the current level of utilization of RH in the country, possibility of setting up RH power plants of the scale of several MW (exceeding 2 MW) seem to be far more remote. However, paddy production data of Ampara, Anuradhapura and Kurunegala also show that there is a substantial potential of setting up RH power plant of the capacity ranging from 1MW to 2 MW in these districts. But, the exact capacity can only be confirmed only after doing a survey on these districts to ensure availability of surplus RH and the viability of collection of the same.
Small scale power plants under Net Metering Scheme
For commercial scale power generation mentioned above, RH is more feasible to be collected from commercial rice mills as RH is available in bulk at such mills with guaranteed supply over a long period. Hence, RH from other mills (medium and small scale) will be left for being exploited in small-scale power plants in the range of 30kW to 40kW. Results of this study done for Polonnaruwa district, show that the 80% of total mills in the district are medium and small scale. Even in other areas of paddy cultivation, this proportion may remain same due to limitation of large mills in the country. RH produced in these mills can be used to generate electricity for captive power requirements of these mills while any surplus electricity being exported to the national grid under the Net Metering Scheme introduced by the Ministry of Power and Energy. According to this scheme, any consumer with an electricity supply below the contract demand of 42 kVA is eligible to connect his renewable energy facility to national grid and thereby qualify to pay only for net energy consumption [3] . Therefore, mills which fall into the category less than 42 kVA electricity demand have a very high potential of developing RH power plant up to the installed capacity of 42kVA as fuel is available right there and of totally free of charge. Table 6 shows a financial analysis performed on 35 kW RH fired power plant operated under Net Metering Scheme by a rice miller. 
Discussion
According to the data collected in this study, annual average paddy production of the country was found to be around 4 million metric tons. If assumed that entire paddy production is processed into rice, this much of paddy can produce about 800,000 metric tons of RH per annum with gross energy content of 10,880 pJ. But, in real terms harnessing this much of energy from RH is not at all possible due to low efficiencies associated with converting RH into energy. If it is assumed that conversion ratio of 20% is achievable, then total net energy potential of RH per annum comes to 1,632 pJ. Tapping this energy again in mass scale becomes challenging as the viability of using RH for energy production has other constrains such as collection and transportation difficulties as well as supply chain issues.
According to the case study performed on Polonnaruwa district, about 22% of RH was found to be left for exploitation in Polonnaruwa district as that portion was surplus after using the balance for above mentioned applications. However, the excess RH level is not uniform all over the country due to variation in use of RH for different application from area to area. It was found that, about 50%-70% of RH produced in parboiled rice producing mills goes into paddy parboiling and drying within the same mills. Since paddy parboiling and drying is the number one application of RH, this has become the critical factor in deciding the surplus RH availability of an area or a district. Capital investment must be a critical factor that hampers such projects in the country. If financing is not made to such projects by the lending agencies, that will be a major stumbling block to the implementation of such projects. Therefore, the government should come forward to provide financial assistance to prospective RH power plant developers through state banks at least till such power plants are popularized in the country.
Tax incentive for renewable power projects are now confined to large scale projects with capital exceeding Rupees 300 million [15] . For prospective developers of RH power plants, this ceiling would be too high to get eligible for the current tax concession. (Existing potential in the country is not high enough to put up RH power plants with capital more than Rupees 300 million). Therefore, the government should look at this seriously and need to include tax concession for projects of this magnitude too. The government should encourage more R&D works towards rice husk usage for power generation.
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Usage of RH for non-energy application should be discouraged while introducing alternative sources for such applications.
Conclusion
Based on the analysis presented in this paper the RH based power generation in Sri Lanka is viable with substantial financial return. Most potential developers of this resource are rice millers. But, this resource is not yet exploited due to their lack of awareness on this kind of power generation and lack of financial support. Key players like ministry of power and energy, Sri Lanka Sustainable Energy Authority and Public Utilities Commission of Sri Lanka should take initiative to harness this resource for power generation.
